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F O R E W O R D 
Project Whirlwind 
Project Whirlwind at the Massachusetts Institute of Technology Digital 
Computer Laboratory is sponsored by the Office of Naval Research under 
Contract N5ori60. The objectives of the Project a re the development of an 
electronic digital computer of large capacity and very high speed, and its 
application to problems in mathematics , science, engineering, simulation, 
and control. 
The Whirlwind Computers 
The Whirlwind computer is of the high-speed electronic digital type, in 
which quantit ies are represented as discrete numbers , and complex prob-
lems a re solved by the repeated use of fundamental ari thmetic and logical 
( i .e . , control or selection) operat ions. Computations a r e executed by frac-
t ional-microsecond pulses in electronic circuits , of which the principal 
ones are (1) the flip-flop, a circuit containing two vacuum tubes so connected 
that one tube or the other is conducting, but not both; (2) the gate or coin-
cidence c i rcui t ; (3) the electrostat ic storage tube, which uses an electron 
beam for storing digits as positive or negative charges on a storage surface. 
Whirlwind I (WW!) may be regarded as a prototype from which other 
computers will be evolved. It is being used both for a study of c i rcui t tech-
niques and for the study of digital computer applications and prob lems . 
Whirlwind 1 uses numbers of 16 binary digits (equivalent to about 5 
decimal digits). This length was selected to limit the machine to a pract ical 
s ize , but it permits the computation of many simulation problems. Calcu-
lations requiring grea ter number length a r e handled by the use of mult iple-
length numbers . Rapid-access electrostat ic storage initially had a capacity 
of 4096 binary digits, sufficient for some actual problems and for pre l imin-
ary investigations inmost fields of in teres t . This capacity is being gradual-
ly increased toward the design figure of 32,768 digi ts . Present speed of 
the computer is 20,000 s ingle-address operations per second, equivalent 
to about 6000 multiplications per second. This speed is higher than general 
scientific computation demands at the present state of the ar t , but is needed 
for control and simulation studies. 
Reports 
Quar ter ly reports a re issued to maintain a supply of up-to-date infor-
mation of the statui, of the Project . Detailed information on technical 
aspects of the Whirlwind program may be found in the R- , E- ,and M - s e r i e s 
repor ts and memorandums that are issued to cover the work as it p ro-
g r e s s e s . Of these, the R- se r i e s a re the most formal, the M - s e r i e s the 
least. A l is t of the publications issued during the period covered by this 
Summary, together with instructions for obtaining copies of them,appears 
in the Appendix. 
s 
1. Q U A R T E R L Y R E V I E W 
(AND A B S T R A C T ) 
During the las t q u a r t e r of 1952 the c o m -
puter was assigned to applications work for 
515 hou r s , of which 83 percent yielded useful 
r e s u l t s . 
The test equipment in the computer t e s t 
control has been la rge ly replaced by p e r m a -
nent WWI panels , inc reas ing the convenience 
and rel iabi l i ty of the sys tem. 
Instal lat ion of the new input-output s y s -
tem has been completed, operat ing c h a r a c -
t e r i s t i c s have been checked, and the new 
order code put into u s e . F u r t h e r changes in 
the in-out sys tem a r e being made to a c c o m -
modate m a g n e t i c - d r u m equipment. The m a g -
net ic - tape sys tem has given some trouble 
from noise in the switching c i r cu i t s and f rom 
the tape drive mechan i sm, but these difficul-
t ies have been largely e l iminated. 
The addition of an ion-col lec tor plate to 
the Whirlwind s torage tubes has substantial ly 
inc reased the rel iabi l i ty of s to rage . R e s e a r c h 
continues on the maintenance of uniform s p a c -
ing between the s to rage- tube col lec tor s c r e e n 
and the s torage surface proper , and on the 
Phil ips type " L " ca thodes . 
This repor t contains a summary of data 
on the life of vacuum tubes used in the com-
puter since it s t a r t ed operat ion in December 
1948. Fa i lu re r a t e s for the pr incipal types 
have settled down to consis tent l eve l s , so that 
it is possible to predic t the number of fa i lures 
of a given tube type in a given type of s e rv i ce . 
The very small number of hea te r burn-outs 
m a y b e at t r ibutable to the p rac t i ce of cycling 
the heater voltage on andoffover a 5-minute 
per iod . Life t e s t s of vacuum tubes have been 
s ta r ted again, and a new test ing device is be -
ing used for the detection of i n t e rmi t t en t s . 
Work on the problem of cathode interface i m -
pedance cont inues. 
A new and m o r e flexible sys tem has been 
developed for getting p r o g r a m s into the com-
puter and getting solutions out. Known as the 
Comprehensive System, it provides for con-
ve r s ion by th<s computer from F l e x o w r i t e r -
coded perforated tapes to tapes in pure b inary-
coded form, as well as other automat ic s e l e c -
tion and convers ion s chemes . Although the 
number of outside u s e r s of the computer has 
been temporar i ly reduced by changes in the 
computer and p r o c e d u r e s , fifteen widely 
d ive r se p rob lems on which the computer has 
been used a r e desc r ibed in Section 4.2 of this 
r epor t . 
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During the period of 1 September through 
1 December , a total of 515 hours of computer 
t ime was ass igned to the applications groups . 
Operation of the computer during these 515 
hours resul ted in a rel iabi l i ty figure of 83 
percent . 
2. 1 TEST CONTROL 
The computer tes t control has been sub-
stantial ly revised during the past q u a r t e r . 
Most of the test equipment in tes t control 
has been replaced with permanent WWI panels 
which include margina l -checking facil i t ies 
for maintenance of higher rel iabi l i ty . In 
addit ion, many of the switches used to control 
the course of a p r o g r a m have been replaced 
by push buttons, so that it is now imposs ib le 
accidental ly to leave control switches in the 
wrong posit ion. A new e rase sys tem for 
e l ec t ros ta t i c s torage no longer depends upon 
t e s t equipment for operat ion. Now the Whir l -
wind panel "ES E r a s e Control" uses the faci l i -
t i es of the new input-output sys tem to count 
the delays required in eras ing the surface of 
the s torage tubes. 
2. 2 IN-OUT SYSTEM 
Instal lat ion of the new in-out control s y s -
tem has been completed. All pulse ampli tudes 
and other operat ing c h a r a c t e r i s t i c s have been 
checked and some modifications made to in-
c r e a s e the rel iabi l i ty of operation. Marg ina l -
checking facil i t ies and p rog rams have been 
worked out so that routine maintenance of the 
new in-out sys tem is integrated with automatic 
marg ina l checking. Since the new in-out s y s -
tem has resul ted in a change of the order code 
of WWI, margina l -checking p rog rams have 
been rewri t ten and the variety of p r o g r a m s 
i n c r e a s e d . 
The present in-out system includes the 
following faci l i t ies: t h r ee 16-inch and th ree 
5-inch display scopes , one automatic scope 
c a m e r a , th ree output t ypewr i t e r s , one p a p e r -
tape punch, one mechanical paper - tape r e a d -
e r , one photoelectr ic paper - t ape r e a d e r , and 
th ree magnet ic - tape un i t s . The new F l exo -
w r i t e r units now in operat ion combine, in 
one package, the functions of an automatic 
typewr i te r , a paper punch, and a mechanical 
pape r - t ape r eade r . Two more photoelectr ic 
tape r e a d e r s which will operate at higher 
speed than the present one have been o rdered ; 
del ivery of these units is expected in F e b r u -
a r y or March. 
2.21 Magnet ic-Drum Equipment 
At present , changes and additions a r e 
being made to the in-out sys tem to a c c o m -
modate the magne t i c -d rum equipment. Two 
magne t ic -drum sys t ems a r e being built for 
Whirlwind I - an auxil iary s torage drum and 
a buffer s torage d rum. The manufac tu re r 
has completed the construct ion and p r e l i m i -
nary tes ts on the auxil iary d rum sys tem; 
del ivery was made during the second week 
of December . 
It appears that there a r e severa l po-
tentially t roublesome features in the d rum 
sys tem - the switching re lays have given 
contact t roubles , and in addition there has 
been difficulty with c r o s s - t a l k . A lengthy 
test ing period is planned before the d rum 
sys tem is slated for use by the appl icat ions 
groups . 
2. 22 Display System 
Some changes a r e expected to be made 
in the display sys tem during the next per iod. 
A new deflection yoke tested on the 16-inch 
scopes has been found to produce much l e s s 
dis tor t ion than the previous type. Noise in 
the deflection sys tem has caused dis tor t ion 
in the plotting of very small l e t t e r s and fig-
u r e s on the scopes . The exact source of the 
noise has not been determined, but i t a p p e a r s 
to be power supply and 60-cycle noise a c -
cumulated in the different components of the 
sys t em. The difference in ground potential 
between the var ious points in the sys tem 
probably aggrava tes i t . The design of a be t -
ter sys tem will be investigated during this 
next period. The display sys tem now has 
avai lable 16 intensification l ines , which eno r -
mously inc rease the flexibility of the display 
sys t em. 
2.23 Magnet ic-Taoe System 
The new magnet ic - tape sys tem has not 
operated quite a s well as had been expected. 
The difficulty s t emmed from two causes -
from the tape dr ive mechanism and from 
noise in the e lec t ronic switching c i r c u i t s . 
The trouble in the dr ive mechanism was found 
to be improper t racking of the tape on the 
head during per iods of acce le ra t ion and d e -
ce lera t ion . The incorporat ion of severa l tape 
dr ive units into the new magnet ic - tape s y s -
2. OPERATION 
tern made the c i rcu i t adjus tments much m o r e 
c r i t i ca l than for any one of the dr ive uni ts . 
The noise in the ampl i f ie rs has been diffi-
cult to deal with because of i ts occasional 
na tu r e . E r r o r l e s s runs of severa l hours a r e 
the rule ra the r than the exception, but o c -
casional ly an ext ra pulse a p p e a r s . Severa l 
noise sou rce s , such as in termi t ten t connec-
tions and noisy tubes , have been found and 
el iminated. Testing continues whenever c o m -
puter t ime is avai lable . 
The magnetic - tape instal lat ion consist ing 
of th ree magnet ic - tape dr ive units i s shown in 
F ig . 2 -3 . The tape unit in the left-hand rack 
is connected to the computer . The contacts 
for the two units in the r ight-hand rack pass 
through a mul t i -pole double-throw switch on 
the upper left-hand panel so that one unit is 
a lways under control of the computer while 
the other is connected to the automatic pr in t -
out equipment. The p re l imina ry model of the 
automat ic pr in t -out equipment is shown in the 
rack on the ex t r eme right . 
F ig . 2 - 1 . Storage tube ion col lector plate . 
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2 .3 ELECTROSTATIC STORAGE 
Toward the end of this q u a r t e r the r e l i -
ability of e lec t ros ta t i c s torage was inc reased 
substant ial ly . A spare digit column was in-
stalled which can be cabled in as a r e p l a c e -
ment for any s to rage digit column which is 
not operating re l i ab ly . 
2. 31 Ion Deflection-Shift 
An ion-co l lec to r plate h a s been added to 
the Whirlwind s to rage tube to el iminate the 
ion deflection-shift descr ibed in the l a s t r e -
por t . This shift o c c u r s when the reading and 
writing beams go to different points of the 
s torage surface because of an ion space 
charge which has a different density during 
reading and wri t ing. The s to rage tube group 
has found that an electrode having a ra the r 
la rge a r e a and opera ted at the potential of the 
holding-gun cathode is able to collect pos i -
tive ions formed within the tube. This col-
lection p r o c e s s p roceeds rapidly enough so 
that an ion cloud is not allowed to build up to 
a sufficient density to deflect the r ead -wr i t e 
beam. F i g s . 2-1 and 2-2 show two views of 
the ion-col lec tor plate which is being ins ta l -
led in s torage tubes . In F i g . 2 - 1 , the hold-
ing-gun second anode is d i r ec t ly in the center 
of the tube; the l a r g e plate which is phys ica l -
ly mounted on the second anode, but insulated 
from it, is the ion-col lec tor plate. The ion 
plate is supported from the back wall of the 
J: 
Fig. 2 -2 . Storage tube ion col lector plate . 
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F ig . 2 -3 . Magnet ic- tape installation. 
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tube by six ce ramic pos ts . In Fig. 2 -2 , the 
holding-gunassembly has been removed from 
the tube, and deta i ls of the new ion plate con-
s t ruc t i ona re c lea r ly v i s ib le . The instal la t ion 
of this ion plate posed somewhat of a p rob lem, 
since it was des i rab le to seal the holding gun 
into the tube after the target had been ins ta l led 
and after the body seal in the middle of the 
tube had been completed. Consequently, the 
ion plate is set into the tube and held loosely 
with w i r e s running in the holding-gun neck. 
After the body seal has been made and the 
r ead-wr i t e gun sealed into the tube, the hold-
ing gun is inser ted in i ts neck. Then the four 
screws which hold the ion-col lec tor plate to 
the second anode cylinder a r e inse r ted with 
a small s c r e w d r i v e r . 
At the end of this qua r t e r ly period, six 
ion-col lector tubes (700-se r i e s ) were o p e r a t -
ing in the computer . The eleven 6 0 0 - s e r i e s 
tubes s t i l l in the computer will be rep laced 
as new tubes become avai lable . Since the in-
troduction of the ion-col lec tor plate cons t i -
tutes a r a the r radical change in the design, we* 
must gain operating exper ience with these 
tubes before we feel confident about going 
into exclusive production of this type. So far 
no consis tent t rouble has been apparent with 
the new tubes. However, two of the tubes did 
exhibit an unexplained shift in the holding 
voltage requi red for stable s to rage . Tubes 
operating with holding-gun c u r r e n t s from 5 
to 10 t i m e s g r e a t e r than those used in 600-
se r i e s tubes have shown no t r aces of ion de -
flection-shift . 
2. 32 Spacing Between Collector 
Sc reen and Storage Surface 
Fig . 2-4 provides data on the life of all 
the s torage tubes that opera ted in WWI dur ing 
the fourth quar t e r of 1952. The left-hand 
bar graph shows the hours of opera t ion 
to date of the 17 tubes in the computer at 
the end of the q u a r t e r . The r ight -hand 
graph shows the hours of operat ion a t the 
t ime of fa i lure for the 17 tubes that failed 
during the q u a r t e r . The " fa i lu res" include 
tubes that sti l l had sa t is factory operat ing 
marg ins but that were removed to make 
way for the ins ta l la t ion of new 7 0 0 - s e r i e s 
tubes . 
One of the mos t c r i t i ca l a spec t s of our 
s torage tube a s sembly is that of maintaining 
a uniform spacing between ' the co l lec to r 
s c reen and the s torage surface p r o p e r . Fo r 
sa t is factory operat ion, it has been found that 
this spacing mus t be no g r e a t e r than 0.005 
inch. S imi la r ly , it has been observed in 
severa l tubes that if this spacing is l e s s than 
0.004 inch, the e lec t ros ta t i c force of a t t r a c -
tion which ex is t s when the col lec tor s c r e e n 
and s torage surface a r e 100 vol ts apa r t is 
sufficient to cause the col lec tor s c r e e n to be 
deformed so that it touches the s torage s u r -
face. Contributing to this p rob lem is a slight 
amount of buckling of the 0 .005- inch- th ick 
mica t a rge t which probably occu r s when the 
tube is p r o c e s s e d . Several r e s e a r c h tubes 
have been made to invest igate va r ious methods 
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Fig . 2-4. Life of s torage tubes in WWI. 
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without the danger of the col lec tor sc reen 
touching the s torage surface in some a r ea 
normal ly used for s tor ing spots . 
2. 33 Phi l ips Type " L " Cathodes 
The r e s e a r c h work concerning activation 
and process ing p rob lems assoc ia ted with 
Phi l ips type "L" cathodes is p rogress ing 
sa t i s fac tor i ly . Approximately twenty tubes 
have been const ructed all of which act ivated 
proper ly , and severa l Phil ips cathodes have 
been ins ta l led in r e p r o c e s s e d s torage tubes 
which were rejected for computer u se . None 
of the Phi l ips cathode tubes have yet seen 
se rv i ce in the computer ; however, one of 
these tubes is still operat ing normal ly after 
m o r e than 500 hours of computer - type use . 
The problem which we a r e studying c u r r e n t -
ly i s that of reducing the t ransconductance 
of the r ead -wr i t e gun assembly in o rde r to 
ob ta ina cut-off cha rac t e r i s t i c s i m i l a r to that 
of the guns present ly in u se . This c h a r a c -
t e r i s t i c is l a rge ly de te rmined by the spacing 
between the cathode and the gr id a p e r t u r e . 
It is much more difficult to mainta in close 
spacings with the Ph i l ips cathode because 
of the h i g h e r - t e m p e r a t u r e operat ion and the 
attendant expansion of the g r id -ca thode a s -
sembly. 
2. 34 Relocation of Storage R e g i s t e r s 
The s torage tube def lect ion-decoder cha-
r a c t e r i s t i c s were modified in WWI to p r o -
duce a higher degree of s torage re l iab i l i ty . 
P r i o r to this change, consecutively numbered 
r e g i s t e r s in s to rage were located adjacent 
to each other on the surfaces of the tubes . 
For normal p r o g r a m s , this resu l ted in o p e r a -
tion at a number of r e g i s t e r s in a smal l a r e a 
with l i t t le holding-gun stabil izat ion t ime be -
tween opera t ions . The s torage decoder s 
were reconnected so that consecut ively n u m -
bered r e g i s t e r s a r e not adjacent to each 
other and, in fact, a r e located in such a way 
that counting through the r e g i s t e r s in s e -
quence resu l t s in a deflection pa t te rn which 
is evenly spaced in t ime over the whole s u r -
face. This has apprec iably l e s sened i n t e r a c -
tion between spots and has reduced the n u m -
ber of s torage a l a r m s ( e r r o r s ) by a factor 
of about 4. 
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3. CIRCUITS AND COMPONENTS 
3. 1 VACUUM TUBES 
3. 11 Vacuum-tube Life 
As of December 31, 1952, Whirlwind I 
power had been on for 15,891 hours since 
December , 1948. Of this total t ime, 6390 
hours were accumulated during 1952, and 
1632 during this past q u a r t e r . It s e e m s ap-
propr ia te at this t ime to p r e sen t information 
on all tube fa i lures in WWI both during this 
past year (Fig. 3-2) and a l so since opera t ion 
began (Fig. 3-3), in addition to the usual 
summary of fa i lures for the past q u a r t e r 
(Fig. 3-1). 
During the pas t severa l months an effort 
has been made to de te rmine counts for all 
tube types in WWI. The "total in s e r v i c e " 
f igures in the following tables a r e m o r e p r e -
c ise than those given in prev ious s u m m a r y 
r e p o r t s . , 
It i s in t e res t ing to examine the re la t ive 
fai lure r a t e s of the th ree pr incipal tube types 
in WWI, as has been done in the prev ious 
summary r epo r t s for this y e a r . This infor-
mation is given below: 
changed, whereas the physical totals did not 
change for this type. 
The number of fa i lures during the pas t 
yea r is g r e a t enough for many tube types to 
obtain some idea of the fai lure r a t e s . T h e s e 
have been calculated for those types with 
sufficient data and for which the number in 
serv ice did not change apprec iably during the 
past yea r . In pe rcen t per 1000 hours , the 
fai lure r a t e for the OD3 is 6; C16J, 18; 3E29 
and 829B, 2 .9; 5U4G, 17; 6AG7, 2; 6AK5, 
2 . 8 ; 6AL5, 0.4; 6AS7G, 1.8; 6L6G/GA, 3 . 8 ; 
6Y6G, 0. 75; and 715B/C, 13. 
As fai lure r a t e s a re ve ry muchdepend -
ent upon the c i r cu i t s in which tubes a r e used 
a s well as the life end-poin t s , the above fig-
u r e s must be cons idered typical only for WWI 
a s it has been opera ted during 1952. They 
c a n n o t be applied further u n l e s s knowledge 
is avai lable concerning the exac t opera t ing 
condit ions. For example , the failure r a t e 
of 6AG7 tubes during the past y e a r was 2 p e r -
cent per 1000 hou r s , whereas the stable fa i l -
u r e rate for 7AD7 tubes s e e m s to be n e a r 3 
percent p e r 1000 h o u r s . F r o m these f igures 
it might be infer red that t h e 6 A G 7 i s supe r io r 
to the7AD7. This i s not n e c e s s a r i l y the c a s e , 
since the major i ty of 7AD7 fa i lu res occur in 
fl ip-flops, a c i rcu i t in which the 6AG7 i s not 






























P e r h a p s the mos t unusual thing about 
these data is the consis tency of the 6SN7GT 
and 7AK7 r a t e s . These tube types have 5 to 
10 fa i lures during a qua r t e r on the a v e r a g e . 
Such events follow a Po i s son dis t r ibut ion, 
which means that the expected s tandard devia-
tion of the number of events i s approximate ly 
the square root of the observed number of 
events . In genera l , the fluctuations seldom 
exceed the expected s ta t i s t i ca l va r i a t ions . 
Following the change in checking p r o c e d -
u re for WWI flip-flops (descr ibed in Sum-
mary Report 29), the 7AD7 failure r a t e de-
clined sharply , a s indicated by the ra te in the 
f i r s t q u a r t e r of 1952. Since then the r a t e has 
been climbing again. At the p resen t t ime 
the ra te s e e m s to be quite s table , as the 
change between the third and fourth q u a r t e r s 
can be accounted for by the change in the 
" totals in s e r v i c e " figures used to ca lcula te 
the r a t e s . As mentioned above, the f igures 
used. Quali tat ive observa t ions indicate that 
life of 7AD7 tubes is super io r to that of 6AG7 
tubes used in s imi l a r c i r c u i t s . 
The ra the r high fai lure r a t e s of C l 6 j 
and 5U4G rec t i f i e r s a r e pe rhaps causes for 
concern. The s m a l l e r xenon-fi l led r ec t i f i e r s 
and vacuum r e c t i f i e r s , which a r e probably 
operated m o r e conserva t ive ly , have s o m e -
what lower failure r a t e s . However , t he re i s 
a bank of 8008 m e r c u r y - v a p o r r e c t i f i e r s , s ix 
in all, which has had no fa i lu res repor ted in 
the more than 10,000 hours it has opera ted . 
It would seem that ei ther m e r c u r y - v a p o r 
r ec t i f i e r s or pe rhaps se len ium-pla te r ec t i f i -
e r s would be more sa t i s fac tory than vacuum 
or xenon-fil led r ec t i f i e r s when high r e l i a b i l -
ity and low maintenance a re impor tan t , p r o -
vided that sui table means for regulat ion a r e 
avai lable . 
F i g u r e 3-3 , the complete summary of 
vacuum tube fa i lures in WWI, is p re sen ted 
APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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Fig. 3 - 1 . Tube fa i lures in WWI 
October 1 - December 31, 1952. 
pr imar i ly as a re ference to those pe r sons who 
a r e concerned with failure pa t t e rns of vacuum 
tubes in digital c o m p u t e r s . There is a vast 
amount of information in th is table, too much 
to digest eas i ly . There a r e cer ta in sal ient 
points, however , which d e s e r v e comment . 
It will be observed that there a r e very 
few heater burn-out fa i lu res for any of the 
tube types used in WWI except the 2C51. In 
the case of the 2C51 , some of these bu rn -ou t s 
may be a t t r ibuted to c i r cu i t t roubles , when 
another failure in the c i r cu i t applied e x c e s -
sive hea te r -ca thode vol tage. The low ra t e of 
failure from hea t e r burn-ou t has been a t -
tributed to the p rac t i ce of cycling the hea te r 
voltage on and off with a l i nea r var ia t ion over 
a 5-minute per iod . Unfortunately, t he re is 
no data on a machine of s imi l a r s i ze , with 
the same tube types from equivalent l o t s , op-
era ted with no hea te r cycl ing. In the a b s e n s e 
of a control , conclusions a r e quite r i sky; how-
ever , it s eems safe to say that cycling is 
definitely not injurious and may be quite bene-
ficial. It is impor tan t to add that all hea te r 
voltages a r e regulated to 0. 1 volt (for 6 . 3 -
volt hea te rs ) at the socket in the computer 
proper . The s a m e sor t of regulat ion is p r a c -
ticed in some (but not all) power suppl ies . 
Various tube types s e e m to show individ-
ual failure p a t t e r n s . For example , the 7AD7 
shows a peak ra te of fai lure between 2000 and 
3000 hours , with lower r a t e s both before and 
af terward. Changes in c h a r a c t e r i s t i c s , p r i -
mar i ly low plate cu r r en t and shifts in cutoff, 
a r e about twice a s p reva len t as mechanica l 
causes , which include b reakage as well as 
tap, f l icker , and dead s h o r t s . For the 7AK7 
the firstlOOO hour s is the bugaboo, with many 
more fa i lures the re than in any other 1000-
hour in te rva l . Also, mechanica l f a i l u r e s , 
principally va r ious sho r t s , with some opens 
and breakage , consti tute m o r e than two- th i rds 
the total fa i lures of 7AK7 tubes . F o r the 
6SN7GT the two chief c a u s e s of fa i lure a r e 
about even. 
A la rge number of 6AK5's failed between 
10,000 and 11,000 hours . This peak is a r t i -
ficial, since these fa i lures were found on 
routine r e t e s t when the 6AK5's were being 
tested p r io r to being r ep laced by 5654 ' s . 
The high ra te for the 6AS7GT during the f i r s t 
1000 hours is a t t r ibutable to one lot of these 
tubes which suffered very badly from flaking 
of the cathode coating. The l a rge number of 
715B/C tubes failing between 8000 and 9000 
hours is a resu l t of a cathode instabil i ty which 
develops about this t ime, making them un-
suited for the p rec i s ion d-c amplif ier s e r v i c e 
which is their main use in WWI. 
An additional c lass i f ica t ion of fa i lu res 
will be found in F ig . 3-1 for this q u a r t e r . In-
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Fig. 3-2. Tube fa i lures in WWI 
January 1 - December 31, 1952. 
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Fig . 3-3 . Tube fa i lures in WWI 
December 1948 to December 31, 1952 
3. CIRCUITS AND COMPONENTS IS 
stead of lumping breakage with shor ts and 
opens into "mechan ica l , " two ca t egor i e s a r e 
used. The object is to p resen t m o r e informa-
tion in a usable form. Because the repor t 
for 1952 and the complete h i s to ry of fa i lures 
were derived from e a r l i e r s u m m a r y r e p o r t s , 
the old "mechanica l" category is used in them. 
The five-digit mul t ip l ier has now com-
pleted 38,000 hours and has been removed 
from se rv ice . Tube r e c o r d s w e r e kept over 
i ts l ife, even though it has not been on a r e -
liability run for the l a s t yea r . Tube life in-
formation was las t repor ted in Summary Re-
port 27, for the third q u a r t e r of 1951. A plot 
of survival exper ience is given in F ig . 3-4 . 
This figure was derived from data calculated 
as descr ibed in R-179 and SR-22. The s u r -
vival curve for the 7AK7 tubes follows very 
closely the cu rves given previously; how-
ever , the cu rves for 7AD7 and 6AS7 tubes lie 
well below those given previous ly . Curves 
for both 7AD7 and 7AK7 tubes l ie well below 
curves following the nominal fai lure ra tes for 
these types in WWI, shown s u p e r p o s e d a s 0 4 
percent per 1000 hours (7AK7 in WWI) a n d ' 
3.0 percent per 1000 hours (7AD7 in WWI). 
It is in te res t ing to note that beyond 10,000 
hours the mul t ip l ie r c u r v e s para l le l approx i -
mate ly the WWI ra te c u r v e s . 
The sha rp break in the 6AS6 curve at 
10,000 hours i s a l so somewhat inexplicable, 
but it is known that much of the poor e x p e r i -
ence with the 6AS6 was caused by the check-
ing c i rcu i t s which r equ i r ed selected high-
plate tubes in o r d e r to ope ra t e at a l l . All in 
a l l , the na ture of the c u r v e s can be explained 
at l eas t par t ia l ly by a s s u m i n g that the ove r -
al l survival i s the sum of the survivals of dif-
ferent kinds of c i r c u i t s , some intolerant of 
tube changes , o the r s quite to lerant , with the 
addit ional a s sumpt ion that the fa i lures in any 
given c i rcui t follow a random dis t r ibut ion. 
Since both wide - to l e rance and n a r r o w - t o l e r -
ance c i rcu i t s exis t in the mul t ip l ie r , this ex-
planation s eems quite r ea sonab le . However, 
a r igorous ana lys i s is p revented by other v a r i -
ab les which a r e difficult to evaluate , namely 
routine t es t s and hea t e r -vo l t age f luctuations. 
F o r de ta i l s , see R-179, which de sc r ibe s tube 
life in the mul t ip l i e r up to 10,000 h o u r s . A 
reasonable number of all t h r e e tube types r e -
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10 3. CIRCUITS AND COMPONENTS 
ever, there were no failures of these tubes be-
yond the last points shown on the curves. 
3. 12 Vacuum-tube Research 
During this past quarter, l i fe - tes t s have 
been initiated again. Life tests are now in 
progress on types 5963, 5687, 6145, and 5899. 
Preliminary results on types 5963 and 5687 
indicate that these tests may yield interesting 
and valuable information concerning proper 
cathode temperatures, but additional tests 
and analyses are needed. No results are 
available yet on the other tests . 
During this quarter a new and unique in -
termittents detector has been put into service 
in the test shop. This device taps a tube 
while it is rotating in order to detect any pos -
sibility of shorts from loose particles within 
a tube. Any short with a resistance l ess than 
2 .5 megohms causes a neon lamp to light; the 
lamp stays on until manually released. Pick-
up time is l e s s than 2 microseconds for dead 
shorts and about 10-15 microseconds for 
100, 000-ohm shorts. As most shorts last for 
100 microseconds or more, these times seem 
adequately short. All electrodes are checked 
simultaneously, with higher sensitivity for 
non-adjacent e lectrodes . At the same t ime, 
heater-cathode leakage is tested using 70 volts 
rms at 60 cyc le s between the two e lectrodes . 
Rejection may be made at 10, 20, 30, 40, or 
50 microamps leakage either positive or 
negative. The combined test for shorts and 
H-K leakage takes 2 seconds; a switch is then 
thrown after which a check for intermittent 
opens is made in another 2 seconds. All in 
al l , this equipment provides a more complete 
test than available previously in the shop, 
while at the same time it i s much more rapid 
and much easier on the tube being tested. 
Additional work has been done toward 
making detailed studies of the slow decay of 
cathode current which has been described pre -
viously in Summary Reports 29 and 30. At 
the present time a fairly precise measuring 
set has been constructed and checked. It i s 
planned to use this equipment in an extensive 
s er i e s of tests during the next s ix months in 
conjunction with a thesis study. 
Additional observations of some pro-
perties of cathode interface impedance have 
been made. A recent addition to the trans-
conductance bridge used for research on the 
nature of cathode interface impedance allows 
the measurement of the interface impedance 
during the last two mil l iseconds of a pulse 
which may last from 5 mil l i seconds to 1. 5 
seconds. The interface impedance is de-
termined by a null-balance method as descr ib-
ed in R-207,"The Use of a Transconductance 
Bridge in the Measurement of Cathode Inter-
face Impedance," except that the null indica-
tion is a short sample displayed every few 
seconds rather than continuously.. This tech-
nique has allowed the measurement of varia-
tions in cathode interface impedance with 
t ime. The data plotted in Figure 3-5 shows 
how the impedance varies with time after 
initiation of cathode current for one sample. 
. I „ 
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Fig. 3-5. Variation of interface impedance with time. 
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Additional measurements have indicated 
that the interface impedance may decrease 
as well as increase with time as cathode cur-
rent flows. These changes are in general 
quite repeatable and have time-constants l ess 
than 1 second. They apparently are not di-
rectly related to the major changes in cathode 
interface impedance which occur when heavy 
cathode currents are drawn for minutes. 
(These latter changes are also reversible, 
but they have longer t ime-constants . ) The 
cathode interface impedance may increase 
by a factor of 3 within a second after cathode 
current is initiated, or it may decrease by 
20 percent or m o r e . The directionand amount 
of the change in interface impedance appears 
to be somewhat dependent on the previous 
history of the tube concerned. It i s planned 
to investigate this factor, as well as the ef-
fects of current and temperature variation, 
during the next several months. There seems 
little doubt that these variations, which can 
change a tube profoundly, have given com-
puter circuits considerable trouble in the past 
and may well do so in the future. 
3.2 COMPONENT REPLACEMENTS 
IN WWI 
Fig. 3-6 l i s t s the replacements of com-
ponents other than tubes during the fourth 
quarter of 1952. 
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October 1 - December 31, 1952 
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M A T H E M A T I C S , CODING, 
AND A P P L I C A T I O N S 
The new programming techniques and the 
procedures for assigning computer time to 
outside users , both of which were described 
in Summary Report 31, Sections 4. 1 and 4. 2, 
are now in use . Much of the time of the staff 
of the Scientific and Engineering Computation 
Group has been used in polishing the new 
techniques. The facilit ies now available are 
described in detail below. Much work, remains 
to be done in integrating magnetic tape more 
thoroughly into the system, using the auxiliary 
magnetic drum effectively when it becomes 
available, and devising and perfecting better 
programmed methods for aiding programmers 
in the location of mistakes in their programs . 
Changes in the computer and procedures 
during the past few months resulted in some 
confusion and reduced the available staff and 
computer time. Therefore relatively few 
(only the most hardy) outside users have 
carried out active work on the computer dur-
ing the past quarter. Brief reports on fifteen 
of these problems are given in Section 4. 2. 
These cover a number of types of applications, 
ranging from number theory applied to plane-
tarium design (#94) through geophysical data 
analysis (#63) to lens design (#114). They 
include Fourier analysis for crystallography 
(#45) and frequency spectrum calculation 
(#87); variational problems applied to phos-
phate mining (#74) and to power generation 
in the Pacific Northwest (#54); and various 
combinations of integrations, quadratures, 
iterative p r o c e s s e s , and Besse l function 
calculations needed in torpedo design (#46), 
aircraft design (#48) and(#l 15), turbine design 
(#95), electron scattering (#80), instrumenta-
tion (#57), oil well analyses (#84), and radar 
cloud-analysis (#93). 
of floating addresses for which assignment 
of final storage locations is made by the com-
puter (this has the important advantage of 
permitting insertions and deletions of instruc -
tions without extensive renumbering in the 
program); (2) automatic selection of input-
outputand programmed-arithmetic interpre-
tive subroutines, which eliminates to a con-
siderable degree the time wasted and possible 
errors involved in handling preset parameters 
and subroutine tapes; (3) automatic cycle 
control (patterned after the Manchester B-
tube) available within the PA routines which 
will reduce the need for using uninterpreted 
WWI instructions within an interpretive pro-
gram andwhich will generally facilitate pro-
gramming; and (4) the handling of generalized 
decimal numbers of the form ± z • iT • 10*, 
which enables the programmer to express 
numerical data in whatever form i s best suited 
to the particular calculation. 
4. 11 Input Conversion 
Floating Address 
The conversion of typewritten words into 
machine instructions is accomplished by the 
Comprehensive Conversion Program. This 
program permits conversion of floating-ad-
dress Whirlwind instructions. A floating-ad-
dress system enables a programmer to write 
his instructions so that they refer to the words 
of his program rather than to the location of 
those words in storage. The floating address 
i s of the formOc#, where oc i s any lower-case 
letter of the alphabet except o and 1, and 
where # is any integer of the form 1, 2, 3 . . . 
255 with initial zeros suppressed. An ex-
ample of a set of instructions with floating 
addresses and its f ixed-address analogue 
follows: 
4. 1 PROGRAMMING TECHNIQUES; 
COMPREHENSIVE SYSTEM 
OF SERVICE ROUTINES 
The Scientific and Engineering Computa-
tions Group has devoted considerable time 
during the past several months to developing 
a more flexible and more effective system 
for getting programs into WWIand for getting 
their solutions out. 
The system provides for conversion, by 
WWI, from Flexowriter-coded perforated 
tapes to tapes in pure binary coded form. In 
addition to straightforward conversion of 
function letters and decimal addresses , the 
Comprehensive System provides for (l) use 
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Interpreted Operations 
A set of operations (called interpreted 
operations) analogous to the ordinary Whirl-
wind operations and used with the program-
med-arithmetic subroutines have also been 
added to the vocabulary of operations of the 
Comprehensive Conversion Program. These 
will be described in Section 4. 13 under the 
heading "Interpreted Operations and Their 
Functions. " 
Preset Parameters 
Provision has been made to handle three 
c la s se s of preset parameters. These pa-
rameters are of the formot/3# ( 0C and ji being 
lower case letters) where CC is u, p, or z 
depending on whether the parameter is of the 
type universal (assigned particular meaning 
and never used for anything e lse) , personal 
(can be used by anyone to mean anything 
desired), or subroutine (for parameters in 
library subroutines) respectively; _/3 is any' 
letter of the alphabet except o and 1; and # 
is any decimal number of the form 1, 2, 
3. . . , 40 with initial zero suppressed. A 
value maybe assigned to a preset parameter 
by a word consisting of the parameter follow-
ed by an equals sign and the value to be a s -
signed terminated by a tab or carriage return. 
After assignment, any number of parameters 
may be added to or subtracted from any word. 
Preset parameters may be assigned values 
which depend on other preset parameters. 
They may also be assigned values which de-
pend on floating addresses . 
Examples illustrating preset parameters 
follow: 
e. g. ca35r (which consists of the three syl la-
bles ca+35+r). 
The single lower case letter "t" indicates 
the zero-th register of a block of temporary 
storage. The value of the temporary storage 
parameter is assigned in the same wayas for 
a preset parameter. 
Number Systems and Generalized 
Decimal Numbers 
(m, n) numbers shall mean numbers which 
are m-binary digits long with ri the number 
of binary digits in the exponent of 2. The 
numbers are of the form z«x- 2^ where x is 
an m-binary-digit number and y is an ri-
binary-digit number. 
A flexible system of number conversion 
has been provided which goes beyond the 
conversion of s ingle-register octal and deci-
mal numbers to include the conversion of 
(m,n) generalized decimal numbers of the 
form 
" d l d 2 - AT . d 10° 
Thesenumbers are processed in accord-
ance with the last special word (m,n) which 
appears in the program. At the present time 
(m,n) may have the values (15, 0) (single-
register fixed-point decimal numbers);(30,0) 
(two-register fixed-point decimal numbers); 
and (30-j , j), J»l, 2 , . . . , 15 (two-register 
floating-point numbers with a " j " digit ex-
ponent). 
4. 12 Programmed Arithmetic 
(m, n) interpretive subroutines shall mean 
um3 =+3 
c a71 + um3 
pm3 = 0. 00020 
slr+pm3 
zm3«rs0 
zs2 = pm3+um3 
cs7-zm3 
slrzsZ 
universal parameter m3 
word becomes ca74 
personal parameter m3 
word becomes s l r l6 
subroutine parameter m3 
subroutine parameter 52 
word becomes ca7 























































Relative Addresses and 
Temporary Storage 
Relative address and 
assignments have also be 
A relative address is 
instructions within a subr 
block of instructions with 
to the start of the block (th 
started in register zero) 
dres ses are obtained by 
case "r" in the address 
temporary storage 
en provided for. 
one used for writing 
outine or within any 
addresses relative 
it i s , as if the block 
Such relative ad-
including a lower 
of the instruction, 
a particular group of coded programs whose 
purpose is to facilitate computation using 
(m,n) numbers. These subroutines enable 
the programmer to write coded programs 
using (m, n) numbers which are in many ways 
analogous to ordinary WWI coded (15, 0)pro-
grams. 
Entry to an interpretive subroutine is ac -
complished by means of the (15,0) word IN. 
This word is changed into a (15,0) sp instruc-
tion by the Comprehensive System, which 
transfers control from the program to the 
APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
20 4. MATHEMATICS, CODING, AND APPLICATIONS 
proper register in the interpretive subroutine. 
Exit from an interpretive subroutine is 
accomplished by means of an interpreted 
instruction sp or by means of the special 
word OUT. If p is the register containing 
the word OUT, then the special word is con-
verted to an sp(p+l). 
A mult iple-register accumulator (MRA) 
is used in place of the accumulator in many 
interpreted instructions. The MRA is not 
special "hardware" in the sense that the a c -
cumulator i s , but rather is a group of 3 
ordinary storage registers contained within 
the interpretive subroutine. 
It should be noted that ordinary calcula-
tions on WWI are in the (15,0) number s y s -
tem. The Comprehensive System also pro-
vides programmed-arithmetic subroutines 
which perform computations on the following 
types of numbers: 
(a) ( 3 0 , 0 ) 
(b) ( 1 5 , 1 5 ) 
(c) (30-j ,j) j - 1 , 2 14 
In addition to the usual arithmetic and 
logical operations in these number systems 
(these operations comprising the first 12 
operations l isted under "Interpreted Opera-
tions and Their Functions") there are two 
optional features called (1) cycle control and 
(2) buffer storage. 
(1) Cycle Control - this is a programmed 
feature, analogous to the Manchester B-tube, 
in which the B-tube is replaced by two stor-
age registers called the cycle-count register 
pair. In addition, several instructions, which 
have been added to the interpreted instruction 
code, effectively transform each cycle-count 
register into a single-length accumulator. 
This permits modifications of instructions 
while they are in the interpreted mode. 
The cycle-count register pair consists 
of an index register , whose contents is "a", 
and the comparison regis ter , whose contents 
i s "b". 
If now one of the interpreted instructions 
ica, i c s , iad, isu, imr, idv, i ts , iex, isp is 
written in the form 
ixylOOc 1 (where xy represents one 
or ixyl00+c[ of the letter pairs above) 
the interpretive subroutine first forms the 
instruction 
ixy(100+2a) 
and then executes this instruction. The 
quantity 100 + 2a is formed instead of 100+a, 
since the interpreted instructions deal mainly 
with arithmetic operations numbers which 
occupy two consecutive registers each. 
This procedure is best explained by 
a simple example. Suppose one wishes to 
transfer the (24,6) numbers in 100, 102, 
104, and 106 to registers 200, 202, 204, 206. 
Referring to the table of Fig. 4 - 1 , one could 
write a program of instructions to be inter-
preted in the following way: 
32|icr4 Set up for four cycles 
33|ical00c Pick up C(100+2a) a - 0 , 1 , 2 , 3 
34|its200c Store in 200+2a a : 0 , 1 , 2 , 3 
35|ict33 Go through 4 cycles 
Note: the (24, 6) number in "register 100" 
actually occupies registers 100, 101 since 
(30-j , j), j = 0 , 1 , . . . , 1 5 , numbers are stored 
in two consecutive regis ters . 
(2) The Buffer Register - Although two 
registers are used to store a(30-j , j)number, 
three registers are used for the MRA to avoid 
the time-consuming operation of packing the 
last 15-j digits of the number and the j digits 
of the exponent into a single register after 
each interpreted instruction. A further ad-
vantage is gained in that any sequence of arith-
metic operations is performed using 30 digits 
for the number and 15 digits for the exponent. 
This provides in effect a (30, 15) system. 
The buffer register i s used for the same 
reasons as the MRA. It can be used in any 
of the instructions icab, icsb, itsb, iexb, 
iadb, isub, imrb. In all of these cases "b" 
should be considered to represent a three-
register (30, 15) location. Each of the in-
structions is then carried out as the c o r r e s -
ponding instruction in a (30, 15) interpretive 
subroutine would be carried out. The buffer 
can be used to store intermediate results in 
a cyclic program, and thus rounding off can 
be avoided until after the final cycle . 
Automatic Assembly of Programmed 
Arithmetic Subroutines 
Interpretive subroutines for programmed 
arithmetic have been incorporated into the 
Comprehensive System in sucha way that the 
type of subroutine needed and the features of 
the subroutine desired by the programmer are 
selectedautomatically in accordance with the 
number system and the interpreted instruc-
tions used. For example, if the programmer 
uses (24, 6) numbers and operations ica, iad, 
etc. , in his program, but does not use cycle 
control or the buffer register (letters c and b 
not used), the most efficient routine for per-
forming (24, 6) operations, omitting the extra 
time and space required for the cycle control 
and buffer faci l i t ies , is automatically provided 
without any further action on the part of the 
programmer or the tape-preparation staff. 
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Interpreted Instruction Function 
Clear the MRA and add into it the (m,n) number in 
location y. 
Clear the MRA and subtract from it the (m,n) number 
in location y. 
Add the (m, n) number in the MRA to the (m,n) number 
in location y and leave the sum in the MRA. 
isu y Subtract from the (m,n) number in the MRA the (m,n) 
number in location y and leave the difference in the MRA. 
imr y Multiply the (m,n) number in the MRA by the (m,n) 
number in location y and leave the rounded (m, n) 
product in the MRA. 
idv y Divide the (m, n) number in the MRA by the (m, n) 
number in location y and leave the rounded (m, n) 
quotient in the MRA. 
its y Transfer the (m,n) number in the MRA to location y. 
iex y Exchange the (m, n) number in the MRA with the (m,n) 
number in location y. 
isp y Interpret neilt the instruction in register y. 
icp y If the (m, n) number in the MRA is negative, interpret 
next the instruction in register y; if positive, ignore 
this instruction. 
ita y Transfer the address p+1 into the right 11 digits of reg i s -
ter y, leaving the left 5 digits unchanged; p being the 
address of the isp or icp most recently interpreted. 
NOTE: the above interpreted operations are analogous to the (15,0) WWI operations 
obtained by dropping the initial i from the letter triples which designate them. 
The binary equivalent of the interpreted operations will not, however, be 
equal to the binary equivalent of the corresponding (15,0) WWI operations. 
icr m Cycle P„eset - set the index register to +0 and the com-
parison register to-f m. 
ict y Cycle Count - If |a + l | / | b | , increase the contents of 
the index register "a" by one and interpret next the in-
struction in register y. If |a + l | • |b | , replace the 
contents of the index register by zero and proceed to the 
next instruction. 
ici m Cycle Increase - increase the contents of the index 
register by +m. 
icd m Cycle Decrease - decrease the contents of the index 
register by + m. 
iex y Cycle Exchange - exchange the contents of the index 
register with the contents of register y and exchange the 
contents of the comparison register with the contents of 
register y +1 . 
iat y Add and transfer - add the contents of the index register 
to the contents of register y and store the result in the 
index register and register y. 
iti y Transfer index digits - transfer the right 11 digits of the 
contents of the index register into the right 11 digits of 
register y. 
Fig. 4 - 1 . Interpreted operations and their functions. 
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4. 13 Input-Output 
Introduction 
The output media currently available for 
use with the in-out routine consist of type-
wri ters , punches, oscilloscopes and magnetic-
tape units. The magnetic tapes may be used 
as secondary storage devices or to record 
data for subsequent printing on a Flexowriter 
independent of the computer. The oscillo-
scope, which is equipped with an automatic 
camera, may be used in any of three ways: 
a) as a curve -plotting instrument 
b) as a numeroscope displaying alpha-
betical or digital characters ( i .e . , "alpha-
numeric" characters) in any desired layout 
c) to display information in binary form. 
Following are the relative speeds of the 
several media for recording alphanumeric 
characters and also their characters/ l ine 
limits: 
When the in-out routine is required to 
print, display, or punch a number, the cal l -
ing-in letters must be followed by a speci-
men number of the following general form 
(the numbers in parentheses refer to para-
graphs below): 
(1)(2) 
• # • # # • 
(3) 
# 0 i x 2" x 10* 
(4) (5) (5) 
The components of the number have the 
following meanings: (Note that in the follow-
ing description the word "print" is used to 
mean print, punch, or display, depending 
upon the medium previously selected.) 
(1) Sign 
+ • print the number preceded by its 
sign 
- • print the number preceded by its 
sign if the number is negative, other-




Characters /sec Characters/l ine max. 
Typewriter 8 160 
Scope 130 64 
Magnetic Tape - actual printing same as for typewriter, recording rate 
for later printing is: , ? - q ( . 
The in-out routine is called into use by 
three upper case le t ters . The first specifies 
the equipment to be used, the second states 
whether information is to be fed into or out 
of the computer, and the third specifies the 
type of information. The letters used are the 
initial let ters of the following words: 
sign omitted print the number with 
no sign 
(2) Zero Suppression and Normalization 





Magnetic Tape fiut 
Punch 
Scope 
typewr i te r 
Reader 
Examples of In-Out Instruction 
TOA will print alphanumeric characters 
on the typewriter. 
SOC will display a curve on the scope. 
MIB will transfer binary information into 
the computer from magnetic tape. 
When the in-out routine is called upon, it 
will handle the word currently in the AC or 
MRA. When a number expressed in any num-
ber system other than (15,0) is to be dealt 
with, the calling-in letters must be preceded 
by the lowercase letter i so that the number 
will be interpreted. Thus iTOA will call in 
the output routine to print the contents of the 
MRA on the typewriter. 
If OCis i 
If OUs p 
I f O i s 
omitted 
If « is n 
initial zeros are ignored in 
printing and the first significant 
digit of the number is printed 




are printed as 
initial zeros are printed. 
the number is normalized before 
printing, i . e . , all numbers are 
multiplied by such a power of 
10 that the first non-zero signi-
ficant digit will always be in the 
same relative position with r e -
spect to the decimal point. This 
procedure cannot be used with 
("15, 0) output. 
The digits of the numerical part of the 
specimen number merely serve to indicate 
the number of digits which the programmer 
desires to have printed on each side of the 
decimal point. 
_ 
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Thus iTOA+p347.6210s x 2 " 3 x l 0 5 would 
indicate that the programmer wanted 3 digits 
to the left and 4 digits to the right of the deci-
mal point, and the numbers would be printed 
in the form ###. ####. However, if Otis n, the 
number would be printed in the form ###. #### 
x 10u, which is the normalized case. 
(3) Decimal Point 
If a decimal point is indicated, it will be 
printed in the position indicated. 
If a decimal point is omitted, none will 
be piinted(in printing integers). 
If a decimal point is replaced by r, no 
decimal point will be printed but the r in-
dicates where a decimal point would have 
been placed had there been one. 
The latter facility would be of practical 
use in the case of decimal fractions in which 
it is desired to save printing time by omitting 
decimal points. 
(4) Terminating Character (/3 is alower case 
letter) 
The symbols(s)/3 i specify the character(s) 
with which the printed number is to be te r -
minated: 
>r3. : s gives one space 
p. - ss gives two spaces 
Q. - sss gives three spaces 
J3. = ssss gives four spaces 
j3- • c gives a carriage return 
J3. - t gives a £ab 
If/3iis omitted there is no terminating char-
acter 
*J. - i gives^ormat, i.e., the terminat-
ing character will be determined 
by the layout section of the in-out 
routine, which is in turn control-
led by the Format Specifications. 
(See paragraph on Format Speci-
fication. ) 
(5) Scale Factor 
The value of 2 y x 10* specified by the 
programmer is incorporated into the solution 
before print-out so that the programmer may 
have his solutions in the form desired. 
a) If the number is to be printed as a 
decimal fraction, then 7f * 0, <5 * 0. 
b) If the number is to be printed as a 
decimal integer, then $" • 15, & • 0. 
c) Whenever a factor such as 2 or 10^ 
has a zero exponent, that factor may be omit-
ted. 
d) If any factor has an exponent of 1, the 
1 may be omitted. 
e) The exponents ^ j , S{ a re signed if 
negative, and not signed if positive. 
Examples of the use of output instructions 
in the (30-n, n) system follow: 
ex 1: Let the MRA contain the octal number 
0. 6277574516 with an exponent of 15 (oc-
tal). 
Thus the number • 0. 6277574516 x 2 1 5 
(octal) 
This is equivalent to+ 0. 796812369 x 2 1 3 
and to+ 0.652748693 x 104(decimal). 
Let the output order be- iTOA + nl. 234 
5678c 
Then the typewriter would print out 
+ 6. 5274869/+03 followed by a c a r -
riage return. This number r ep re -
sents + 6. 5274869 x 103. 
ex 2: Let the MRA contain the octal number 
1. 1500203261 with an exponent of 15 (oc-
tal). 
Thus the number = 1. 1500203261 x 2 1 5 
(octal) 
This is equivalent to -0.796812369 x 2 1 3 
and to -0.652748693 x 104(decimal). 
Let the output order be iSOA - 12. 3456s 
x 10-5 
Then the 'scope would display -00.0652 
followed by a space. At present no 
provision is made for rounding off to 
-00.0653. 
In-Out Order Repeated 
A specimen number need not be desig-
nated each time the in-out routine is called 
in. If the calling-in letters are not follow-
ed by anything, the in-out routine will p ro-
vide exactly the same setup as it furnished 
for the last in-out specification. 
Format Specification 
The in-out routine contains a layout sec -
tion which may be set by the special word: 
FORoCx/3xr 
a) OC represents the number of words / 
line (maximum, 15). 
b) jQ - 1, 2 6 represents the number 
of spaces between words; $ * 7 indicates a 
tab between words. 
c) 3" represents the number of words per 
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block (typewriter); ^represents the number 
of words per frame ('scope). 
ex. Let us suppose that the programmer 
wishes to type 2500 words in blocks of 
400. If he specifies that 7 - 400, he will 
automatically get 6 blocks of 400 words 
each and a seventh block of 100 words. 
The blocks will be separated by 2 car-
riage returns. 
Special Characters 
a) One may obtain a -, + . ., s (space), 
t (tab), c (carriage return) at any time by 
merely using the cal l - in letters followed by 
any one of the above six. 
ex s . TOA + gives a + on the typewriter 
SOA c gives a carriage return on the 
'scope 
b) The order COL continues the 'scope 
display in the next column, at the top of the 
frame. 
The order FRA takes a picture, and sets 
the camera up for the next frame. 
Conclusion 
At present the Comprehensive System 
is utilizing both perforated tape and magnetic 
tape for the necessary secondary storage of 
conversion, interpretive and in-out routines 
and of intermediate logical and final binary 
values of the prescribed program being con-
verted. It i s expected that the Comprehensive 
System will be stored permanently in the mag-
netic drum as soon as the drum is available. 
Pos t -mortems and mistake-diagnosis rou-
tines will be incorporated into the system in 
the near future. As soon as new in-out rou-
tines are prepared, they will be incorporated 
into the system. 
Details are extensively treated in En-
gineering Note E-516. 
4. 2 PROBLEMS BEING SOLVED 
Problem #45. Crystal Structure 
This project originated with the MIT 
Electrical Engineering Department Insula-
tion Research Group and the Chemistry De-
partment One of the principal branches of 
x-ray crystallography is the elucidation of 
the crystal structure of materials , i . e . , the 
determination of the spatial configuration of 
all atoms in the crystal. The chief difficulty 
in this field, apart from those of an experi-
mental nature, is the assignment of the phase 
angles of the several diffracted x-ray beams 
(these may be many thousand in number). If 
both the intensity of these beams and their 
phasesare known.it is straightforward to de-
duce the atomic positions by means of the 
relationship: 
p(xyz) • TT I Z I l^ h k e l exp 
h k e 
(I) 
-2TH (hx+ky+lz+- ?*_e ) 
where p(xyz) is the electron density of the 
point xyz, and Fhke a^hke> Ihke being the in-
tensity of the beam diffracted by the plane 
(hkl) Experimentally, CC ^ e is not measurable 
and must be determined by indirect means. 
If a trial model structure is postulated, for 
which the calculated values of Fj^g are not 
too different from the observed values, the 
experimental Fhk e ' s may be associated with 
the(Xhke's derived from the model, in a 
Fourier ser ies . The new set of xyz's thus 
obtained will correspond to a new set ofCtnke's , 
and the calculated Fj^g's will agree more 
nearly with those measured. In this way the 
values of xyz are made to approach ever near-
er the true set, as the iterative process is 
continued. This process will continue until no 
further change in theacj^g's i s noted when 
two success ive models are compared. 
A simplification is obtained if only 2 
dimensions are used, and if central symmetry 
is possessed by the crystal, in which case 
the Fourier ser ies becomes 
P(*y) • j ; | £ F ^ cos 2TT(hx+ky) (2) 
where OC of equation 1 is now 0 or TT . A pro-
gram was set up to sum series such as this, 
and it was successfully used for eighteen c o m -
putations. This program has now been modi-
fiedto accommodate the changes in the in-out 
order schedule, and it will be very frequently 
used in iterative procedures of the type out-
lined. 
An alternative method of refining a struc-
ture model is to minimize the difference be-
tween the observed and calculated values of 
each Fhke byleast squares. This method has 
been found very successful, and is particular-
ly suited for calculation with a digital c o m -
puter. A program for using this method on 
Whirlwind I is now under way. 
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Problem #46. Torpedo Depth Response 
This problem, which originated with 
Robert Kramer of the Servomechanisms La-
boratory at MIT, may be expressed in the 
following way: having measured the input to 
and the output of a physical system, to solve 
the convolution integral equation for the s y s -
tem impulse response. A program for Whirl-
wind has been written to carry out the convo-
lution integral for an input function of 600 
samples and an impulse response of 300 sam-
ples. The integration formula used is e s -
sentially Simpson's rule. 
The approachof the pastperiod has been 
to start with the theoretical system response, 
convolve this with the measured input func-
tion, and on the basis of the difference be-
tween the calculated and measured output 
functions guess at an appropriate correction 
to the original impulse response. The new 
impulse response i s convolved with the input 
function, and the cycle is repeated. In this 
initial period, the convolution program was * 
written and checked, and in addition four i m -
pulse responses were tried. These trials 
yielded a measure of progress and experi-
ence. 
In the future, this informal procedure 
will be continued, and an investigation of 
more formal methods of obtaining the so lu-
tion to this equation - such as through the 
LaPlace transform or methods of steepest 
descents - will be made. 
Problem #48. Gust Loads on Rigid 
Airplanes in Two Degrees of Freedom 
A comprehensive study of loads on a ir -
planes struck by gusts of various shapes has 
been performed by Mr. C. W. Brenner of the 
MIT Aero-Elast ic and Structures Research 
Laboratory in fulfillment of Bureau of Aero-
nautics Contract No. NOas 51-183-c . Ob-
taining the numerical results required solu-
tion of a pair of simultaneous integro-differ-
ential equations of motion in the dependent 
variables of vertical acceleration of the a ir -
plane e . g . , and airplane pitch angle. 
Early investigations into the solution of 
the equations indicated that numerical pro-
cedures were necessary , as certain terms 
could not be treated by standard transforma-
tions to yield an analytical solution. A finite-
difference solution was prepared for manual 
computation, and this was adapted directly to 
Whirlwind programming when automatic com-
putation was decided upon. The development 
of this finite-difference solution is given in an 
AESRL Report titled "A Further Study of Gust 
Loads on Rigid and Elastic Airplanes, " by 
Gabriel Isakson, Claude W. Brenner, and 
Timothy F. O'Brien. 
An initial program was written to yield 
the airplane response to a sharp-edged gust, 
and this response was in turn to be used to 
yield the response to two graded gusts by 
application of Duhamel's integral. Internal 
storage proved insufficient for performing 
all this in one pass , so the sharp-edged-gust 
response was stored externally and then 
reintroduced with the program for calculat-
ing the graded-gust responses . In addition 
a short initial program was necessary to 
evaluate and store tabularlya double Duhamel 
integral occurring in each of the equations 
of motion. This double integral describes 
the time history of the induced downwash 
velocity at the airplane tail. Thus the prob-
lem was broken down into three stages -
evaluation of double Duhamel integral, cal-
culation of sharp-edged-gust response, and 
calculation of graded-gust responses . 
Originally the output program involved 
printing the four quantities - pitch angle, a i r -
plane acceleration ratio ( i . e . dimensionless 
vertical acceleration), wingload ratio, and 
tail- load ratio (note that wing-load ratio plus 
tail-load ratio equals acceleration ratio)-
over a given time interval for each of the three 
gust shapes. Print-out time alone, however, 
was estimated at thirty minutes per run; and 
for the 200-odd cases to be studied this was 
prohibitive. Since the information of most 
importance was the peak value of each of the 
load factors; and since, moreover, the re -
duction and analysis of data would have prov-
ed most tedious if complete time histories 
were to be yielded, it was decided to modify 
the programs so that only the required peaks 
would be yielded for each of the three gust 
shapes. Fifteen representative c a s e s , how-
ever, were still to be printed out in their 
entirety for comparative purposes. 
A final difficulty was encountered in the 
matter of the external storage for the sharp-
edged-gust response. Magnetic tape would 
have proved most efficient with regard to 
output time; but when this problem was ini-
tiated, techniques for utilizing the existing 
magnetic-tape unit had not been perfected, 
and its reliability had not been established. 
For the sake of expediency the output resorted 
to was punched paper tape, which is con-
siderably slower than the magnetic tape. 
Each run took approximately 12 minutes, and 
214 cases were solved yielding peak airplane 
acceleration ratio, wing-load ratio and tai l-
load ratio for a sharp-edged gust, and two 
graded gusts . During solution of the 15 cases 
for which the entire time histories were to 
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be pr in ted, the magnet ic - tape unit was u t i -
lized a t a cons iderable saving in t ime . 
The ent i re problem and r e su l t s a r e p r e -
sented in an AESRL Report t i t led "A P a r a -
me t r i c Investigation of Gust Loads on Rigid 
Airp lanes in Two Degrees of F r e e d o m , " by 
Claude W. Brenner and Gabr ie l Isakson. 
P r o b l e m #54. Optimizing the Use of 
Water Storage in a Combined Hydro-
T h e r m a l E lec t r i c System 
This project has as i ts goal the develop-
ment of p rocedures on WWI to improve the 
long- range mode of water uti l ization so as to 
reduce operat ing cos t s of a pilot th ree -p lan t 
sys t em. A complete descr ip t ion of the m e -
thods developed and the r e su l t s obtained thus 
far a p p e a r s in an Sc.D. thes is by R . J . Cypser 
of the MIT E lec t r i ca l Engineer ing Depar tment 
entitled "Optimum Use of Water Storage in 
Hydro The rma l E lec t r i c Sys tems . " 
Of pa r t i cu la r i n t e re s t is the manner in 
which the computer smooths the cos t of o p e r a -
tion by success ive ly lowering the heights and 
eating into the s ides of cost peaks in each 
i t e ra t ion . Indications a r e that in the t e s t 
problem being computed a point of d iminish-
ing r e t u r n s has not been approached yet, and 
that fur ther i t e ra t ions will yield even m o r e 
substant ia l savings and will a l so shed light 
on the manner of convergence and on the 
el imination of violations of operat ing l imi ta -
t ions. 
The rev ised p r o g r a m s will fully ut i l ize 
the newly instal led magnet ic - tape equipment. 
The t ime requ i red for init ial data layout on 
magnet ic tapes and for data handling in each 
step of the computat ions has been substantial ly 
reduced. 
P r o b l e m #57. Runge-Kutta 
Differential Equation 
A tes t p r o g r a m has been wri t ten for the 
solution by a fourth o rde r Runge-Kutta tech-
nique of a set of 10 s imultaneous f i rs t o rde r 
non- l inear differential equations. This p r o -
gram is st i l l being tes ted , but s eve ra l aux i l i -
ary p rob l ems have been par t ia l ly or wholly 
solved. 
1) A high-speed pseudo- random number 
genera to r was p rog rammed and its output 
subjected to five t e s t s for r andomness . The 
resu l t s indicated that the genera tor would 
serve a s a sa t is factory no i semaker for c e r -
tain appl ica t ions . 
2) A p r o g r a m was wr i t ten to find the 
f i rs t and second F o u r i e r sine and cosine c o -
efficients of a tabulated function in which 
th ree ha rmon ic s were s t rongly p re sen t . This 
p rog ram is now in operat ion and is being in-
corpora ted in a Fou r i e r ana lys i s - au tocor -
relat ion procedure for such data with super -
imposed noise . 
3) An in te rp re t ive p r o g r a m has been 
wri t ten to read in and solve sets of a lgebra ic 
equations of a cer ta in c l a s s , each problem 
being p resen ted to the machine as a flexo-
tape in essent ia l ly o rd inary mathemat ica l 
notation. This p r o g r a m has a t p r e sen t p a r -
tial provis ion for the handling of m o r e e la-
borate p rob lems ; e. g. , i t e ra t ions and the 
computing of special functions. 
4) A p r o g r a m has been wri t ten to a s s i s t 
in the evaluation of an an t ia i rc ra f t f i re con-
trol sys t em. Targe t path equations and com-
puter equations have been p r o g r a m m e d in 
o rde r to c o m p a r e predic ted and t rue future 
t a rge t pos i t ions . As yet the p r o g r a m has 
not run successfully in i ts en t i re ty . 
This work is being c a r r i e d out by m e m -
b e r s of the Ins t rumenta t ion Labora to ry at 
MIT. 
P rob lem #63. MIT Seismic P r o j e c t 
The Geophysical Analysis R e s e a r c h G r o u p 
of the MIT Depar tment of Geology and Geo-
physics continued its r e s e a r c h ac t iv i t ies in 
the application of s ta t is t ica l methods to s e i s -
mology. R e s e a r c h along these l ines has now 
been c a r r i e d on for the pas t three y e a r s . In 
pa r t i cu l a r , s ta t i s t ica l methods uti l izing so-
called l inear ope ra to r s have proved to be a 
powerful tool in the ana lys i s of s e i s m i c r e -
c o r d s . 
By computing these l inear ope ra to r s over 
different sect ions of the s e i s m o g r a m it was 
found that the dynamic c h a r a c t e r i s t i c r e -
mained fairly cons is tent in the sense that one 
opera tor would apply to severa l sect ions 
except during in tervals cor responding to 
ref lected energy. Since the ability of a l inear 
opera tor to detect d i s tu rbances in the dynam-
ics of the s e i s m o g r a m depends d i rec t ly upon 
the accuracy of the opera tor in recons t ruc t ing 
the t r a c e u n d e r ordinary condit ions, a mul t i -
ple predic t ion opera tor has been ut i l ized 
which incorpora tes the t r a c e s from severa l 
geophone pos i t ions . 
P red ic t ions by means of such mul t ip le -
cor re la t ion predict ion o p e r a t o r s w e r e com-
puted on four s e i s m o g r a m s by Whirlwind I. 
Resul t s to date have indicated that this method 
of ana lys i s will great ly exaggera te the r e -
turning ref lected impulses and may even 
differentiate zones of g r e a t e r sca t te r ing which 
have no major reflecting sur face . 
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P r o b l e m #74. Optimizat ion of 
Strip Mining Techniques 
This is the concluding repor t on this 
problem. The mos t impor tan t phase of the 
invest igat ion is to de te rmine how the mining 
rate ( ra t io of volume of m a t r i x removed to 
the amount of n e c e s s a r y t ime r equ i red for 
i ts removal) v a r i e s with the topographical and 
operat ional fac tors affecting this r a t e . 
Essen t i a l ly , a mathemat ica l model was 
es tabl i shed analyt ical ly using 11 p a r a m e t e r s 
to r e p r e s e n t the operat ing va r iab les which 
de t e rmine the pe r fo rmance of the s y s t e m . 
These p a r a m e t e r s a r e : (1) dis tance of pivot 
movement or length of wa l l s ; (2) d is tance of 
machine pivot f rom left-hand bank of cut; 
(3) d is tance of machine pivot from r ight -hand 
bank of cut; (4) th ickness of overburden l aye r ; 
(5) th ickness of m a t r i x l a y e r ; (6) angle sub-
tended by path of machine movement and 
radia l l ine to fu r the rmos t left point of ea r th 
removal ; (7) angle subtended by path of m a -
chine movement and rad ia l line to f u r t h e r - ' 
mos t r ight point of ear th removal;(8) d is tance 
of spoil bank or dam from the line of m a -
chine movement ; (9) number of s tands for 
large angle (exceeding 90° from path of m a -
chine movement) swings to well; (10) m i n i -
mum rad ia l d is tance to which the machine 
digs in any pa r t i cu l a r digging pat tern;and (11) 
the sum of the t i m e p r e p a r a t o r y to walking 
plus the t ime p r e p a r a t o r y to resuming dig-
ging-
In addit ion, the following constants were 
needed: ( l ) capaci ty of bucket in cubic feet; 
(2) sum of t ime n e c e s s a r y to drag bucket to 
fill plus t ime n e c e s s a r y to dump bucket for 
the m a t r i x and a lso for the overburden; (3) 
effective or t rue dis tance walked each s tep; 
(4) t ime requ i red to complete each s tep cycle; 
(5) radia l width of m a t r i x shelf left unmined 
to prevent dilution of overburden; (6) e m -
pi r ica l ly de te rmined cons tants der ived from 
opera t ional t ime data whe re t ime is a func-
tion of swing angle and rad ia l d i s tance ; (7) 
length of well; and (8) d is tance between m a -
chine pivot and plumb point below boom 
sheaves for machine in quest ion. These were 
al l needed in the bas ic equation, which con-
sis ted of a re la t ion between these va lues and 
three t r ip le i n t eg ra l s . 
The in tegra t ions were very sa t i s fac tory 
as long a s the in terva l was not allowed to get 
too l a r g e . With an en la rged in te rva l an 
overflow of the a r i thme t i c e lement would o c -
cur . When the tes t p r o g r a m s showed an 
acceptable in te rva l that would allow a c o m -
plete in tegra t ion without exceeding the m a -
chine l i m i t s , we were ready to use the de -
layed p r in t e r (magne t ic - tape typewr i t e r ) . 
In addit ion, rout ines w e r e wri t ten to obtain 
square roo t s , fourth r o o t s , and ?.rcsines. 
The complete p r o g r a m was a s sembled 
and it pe r formed sa t i s fac tor i ly Mining r a t e s 
were obtained for all the successful p a r a m -
e te r combinat ions , and code n u m b e r s were 
r ecorded whenever imprac t i ca l combinations 
appeared . By record ing al l the data on m a g -
netic tape we were able to operate to the end 
of the p r o g r a m in 35 minu tes of computer 
t ime . The p r o g r a m was stopped at the eight-
een-minute m a r k , and a new ree l was in-
se r t ed in the magne t i c - t ape unit. Approxi-
mate ly 1-3/4 r e e l s of tape were r equ i red for 
the flexo c h a r a c t e r s of the en t i re data . The 
pr in t -out t ime requ i red to typewrite the r e -
sul ts from the flexo c h a r a c t e r s by delayed 
pr in te r was 2 - 1 / 2 hou r s . 
The r a t e s showed an improvement 60 
percent above the p r e s e n t mining techniques 
for the f i r s t set of p a r a m e t e r combinat ions , 
according to M r . H e r b e r t Jacobs of Dunlap 
and Assoc ia t e s , who submit ted the p rob lem 
and contr ibuted the bas ic formulation of the 
mathemat ica l model . The r e su l t s for the 
second s e r i e s were even be t t e r . 
A copy of the comple te r e su l t s was for -
warded to the Internat ional Minera ls & C h e m i -
cal Corpora t ion . They will r epo r t to us when-
ever the r e su l t s of the i r field test ing of the 
invest igat ion is completed . 
P r o b l e m #80. Sca t te r ing of E lec t rons 
Mr . J . L . Ure tsky of the MIT P h y s i c s 
Depar tment i s a t tempting to obtain an accu ra t e 
descr ip t ion of the d i s t r ibu t ion- in -ang le of 
low-speed e l ec t rons e las t i ca l ly s ca t t e r ed 
from cer ta in g a s e s . If it is a s sumed that only 
e las t ic col l i s ions occur , then the wave-func-
tion of the sys t em can be wri t ten as 
H> • * ( l ) x ( 2 ) J x(l)tf>(2) 
where $ is the wave function of the unpe r -
turbed atomic e lec t ron . Inser t ion of tp in to 
Schroed inger ' s var ia t iona l equation leads to 
a second o r d e r in tegro-di f ferent ia l equation 
for R of the form 
LR « f(R, r , c ) 
where c is a definite in tegra l involving R, r , 
a n d $ ; L is a differential opera tor plus an 
effective potent ial . 
In order to solve this equation a value 
of c i s a s sumed and the p r o c e s s is in tegra ted 
until a new value of c has converged. The 
method used was Heun's th i rd o rde r modif i -
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cation of the Runge-Kutta method. Solutions 
were compared with some previously done 
on a differential analyser. The agreement 
appeared to be excellent. 
The original program is now being re-
assembled in the new Whirlwind code. When 
this has been completed it will be used as a 
basis for further investigation. 
Problem #84. Departure Curves 
for Various Types of Resistivity 
Logs in Oil Wells 
Electrical surveys in drill holes measure 
potentials induced by a system of current 
electrodes at certain specified distances from 
these current electrodes. These potentials 
are converted to the so-cal led "apparent 
res ist ivi t ies" of the medium surrounding the 
electrode system. The apparent resist ivi t ies 
are recorded as a continuous function of depth 
in the dri l lhole as the logging sonde is moved 
up from the bottom of the hole to the surface. 
The recordedcurves are known as resist ivity 
logs. 
Apart from their great value for subsur-
face geological correlations, the resistivity 
curves are being used more and more to 
furnish information on the exact location of 
porous and oil-bearing strata and to obtain 
approximations to the actual porosity and oil 
saturation of these strata. 
The first major step in the analysis of 
resist ivity logs for quantitative evaluation of 
porosit ies and oil saturations is to interpret 
the apparent res ist iv i t ies in terms of the 
actual in-place resist ivi t ies of the forma-
tions. This i s done with the aid of so-cal led 
"resistivity departure curves, " which depict 
the theoretical relations between the appar-
ent res is t iv i t ies and the actual distribution 
of in-place formation res ist iv i t ies . 
Porous formations are usually invaded 
by drilling fluid to a given extent beyond the 
bore face. This creates an invaded zone of 
a different resist ivity than the undisturbed 
true formation resist ivity. The apparent 
res is t iv i t ies measured on the logs are in -
fluenced by the invaded zone resistivity and 
extent of invasion as well as by the true 
formation resistivity beyond the invaded zone. 
A l imited number of resist ivity departure 
curves has been published by Schlumberger 
Well Surveying Corporation. Recent ad-
vances in the instrumentation of resist ivity 
surveys warrant the use of a complete set 
of departure curves that will give direct so -
lutions for the in-place res is t iv i t ies . 
The analytical expression from which 
the departure curves are calculated is a s o -
lution of Laplace's equation in cylindrical 
coordinates, obeying the boundary conditions 
of continuity of potential and of the normal 
component of current density at each bound-
ary. The computations require integration 
of the product of a combination of modified 
Besse l functions and a cosine. 
Computations have been carried through 
for five sets of departure curves c o r r e s -
ponding to five values of the invaded zone 
diameter Each set consists of 80 departure 
curves corresponding to selected pairs of 
values of true formation and invaded zone 
res is t iv i t ies normalized with respect to the 
resistivity of the drilling mud. Each curve 
consists of 22 points corresponding to 22 
different spacings between the single point 
current electrode and the point potential 
pick-up electrode. 
The results of these computations are 
now being processed by Dr. L. deWitte of the 
Continental Oil Company. The curves , when 
completed, will be made generally available 
to the oil industry. 
Problem #87. Autocorrelation 
This problem is being carried out in 
cooperation with the MIT Servomechanisms 
Laboratory. The problem concerns the ca l -
culation of the frequency spectrum of a given 
function by calculation on WWI of the auto-
correlation function of the given function fol -
lowed by the Fourier transform of this auto-
correlation function. During the present 
quarter, existing programs (see Summary 
Report 31) for these operations were rewrit-
ten incorporating the latest changes in the 
WWI coding procedure. Also, the method 
of calculation has been altered in the Fourier 
transform program to incorporate the use of 
Simpson's Rule in the evalutation of the in-
tegral in order to achieve higher accuracy. 
This program still requires a final check, 
although most difficulties have been el iminat-
ed. The rewritten autocorrelation program 
is now completely checked. A major modi-
fication of the autocorrelation program incor-
porating Simpson's Rule has also been written, 
but requires checking. 
In contrast to the other two programs, 
due to the large number of registers required 
in this modification, the autocorrelation-
Simpson program is not self-resetting; that 
i s , the program must be read into WWI be-
fore every calculation of an autocorrelation 
function. Although the Fourier transform 
program i s designed to operate with the 
specialized output (on punched tape) of either 
of the autocorrelation programs, it may 
very easily be altered for use with any func-
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tion, and can be made to take either the cosine 
or sine transform. 
Problem #93. The Transmission Cross 
Section of Absorbing Spheres Using 
the Mie Solutions 
The problem involving the computation 
of the transmission c r o s s - s e c t i o n of absorb-
ing spheres arose as the result of a contract 
between the Cambridge Research Center of 
the USAF and the Meteorology Department 
of MIT for an instrument to measure drop 
size distributions in clouds in the atmosphere. 
The contract was initiated 2 years ago, No-
vember 1950. 
As a solution of the problem it was pro-
posed that an analysis of the intensity of in-
frared light at selected wavelengths trans-
mitted through the cloud would yield a drop 
size distribution. As a test of the theory, a 
ser ie s of analyses were made of the spectral • 
distribution of light in the vis ible and photo-
graphic infrared when transmitted through 
sulphur hydrosols . The results were en-
couraging. As sulphur hydrosols have an 
index of refraction (hydrosol to water) of 
about 1.5 and are non-absorbing, no difficulty 
was encountered in finding tabular values of 
the scattering cross - sec t ion from the l i tera-
ture. 
Experiments in the Meteorology Labora-
tory and on Mt. Washington on sprays and 
natural fog have shown the expected variation 
of transmiss ion with wavelength in the infra-
red. However, as water absorbs infrared 
energy, the transmission cross - sec t ion must 
take account of absorption as well as scatter-
ing. 
Since May of 1952, James R. Terrell 
and Professor John C. Johnson have carried 
out computations of the transmission c r o s s -
section using a Monroe desk calculator and 
Tables of Spherical Besse l Functions. (One 
man has been occupied about three-quarters 
t ime . ) The first five months were spent in 
Integers Tested 
1 = 3, 662, 563, 604,800 
Representing: Earth 
Max. deviation tested: ±2800 
systematizing the computational procedures, 
determining l imits , and computing a ser ies 
of curves for index of refraction of 1.29, with 
absorption indices ranging from 0 to 2.2. It 
was felt that this was the most efficient utili-
zation of time, because after the first three 
months it was estimated that the points we 
propose to have computed by Whirlwind would 
take 1. 5 to 2 man-years of work with a desk 
computer. 
A program for Whirlwind I has been 
written to compute the transmission c r o s s -
section of absorbing spheres. This consists , 
essentially, of computing the values of spheri-
cal Besse l functions needed for the solution 
of the Mie equations. The (24 ,6 ,0 ) number 
system is being used, since the required 
numbers are floating-point. 
Problem #94. Factorization of Integers 
In connection with the design of gear 
trains to simulate planetary motion in the 
star and planet projector for the new plane-
tarium which is being built for the Boston 
Museum of Science, it was necessary to 
produce the prime factors of eight integers 
varying in length from ten to thirteen decimal 
digits. A straightforward multiple-pre-
cision program was successfully run on the 
computer, but the factors obtained were too 
large for gear-design purposes. 
A new program was then written in which 
each of the eight numbers, all of which had 
proved to have one or more prime factors 
greater than 1000, were success ive ly altered 
and retested automatically within the com-
puter by adding +1,-1 , +2, - 2 , e t c . , to the 
original numbers until nearby numbers were 
found in which the prime factors were all l e s s 
than 1000. The program was then modified 
(by changing one constant) to find numbers 
with all the prime factors l e s s than 600, and 
then, for some of the numbers, l e s s than 212 
and, for other numbers, l e s s than 98. 
The following results were obtained: 
Results Obtained 
I - 126 = 2 -13-17 2 -31-113-347 401 
I - 794 = 2-19-67-151-163-211-277 
I +2080 = 2 5 -5 -41 2 -227 -239-251 • 
Max. factor accepted : 599 
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Integers Tested Results Obtained 
I : 162,552,320,471 
Representing: Venus 
Max. deviation tested: ±6000 
Max. factor accepted: 211 
I - 415,209, 106,528 
Representing: Mercury 
Max. deviation tested: ±6000 
Max. factor accepted : 211 
- 471 = 2 1 2- 54-7 47- 193 
- 541 = 2- 5-7- 11- 13-41-43-61- 151 
+ 1459 = 2- 3- 5- 17 83- 101- 193- 197 
-2193 • 2-7- 73-79-83- 127- 191 
-2263 = 28-7-23-29- 31-41 107 
-2774 * 35-7- 11- 17-47-83- 131 
+ 4030 = 38-7-29- 312- 127 
•5728 = 2 9 - 3 - 52- 13-23-29 2 -43 
-5880 « 2 3 - 17-47 2 -61- 139- 163 
I = 8 ,430 ,442 ,950 
Representing: Jupiter 
Max. deviation tested: ±2800 
Max. factor accepted : 97 
I + 348 = 2- 3 • 19-47-71-83-89 
I -1238 = 2 4 -7 - l l 2 - 17-23 37-43 
I -2190 - 2 3 - 3 2 - 5 - 7 - 17-47-53-79 
I - 53, 168,435, 578 
Representing: Mars 
Max. deviation tested: ±1342 
(stopped manually) 
Max. factor accepted : 211 
12 2 2 378 = 2 • 5 - 7 1 • 103 
I - 544 = 2-3- 11 • 13- 17-19-107-163 
1+1282 = 22- 5-73- 11- 37- 137- 139 
1 - 1 3 4 2 = 2 2 - 3 3 - 19-29- 61-97- 151 
1 = 3, 394,827,907 
Representing: Saturn 
Max. deviation tested: ±1537 
(stopped manually) 
Max. factor accepted: 97 
I + 383 = 2 -3 -5 -7 • 23-31-41-79 
I + 893 • 2 9 - 3 3 - 5 2 - 11- 19-47 
I -1052 - 5 -7 -29 3 -41 -97 
I -1537 = 2- 3 3 - 5- 133- 59-97 
I = 1, 190, 305,649 
Representing: Uranus 
Max. deviation tested: ±2009 
(stopped manually) 
Max. factor accepted: 97 
I - 533 • 22-32-7-11-13- 17-29-67 
I -1404 • 5- 13- 37-67-83-89 
I -1439 • 2- 3- 5- 19-312-41-53 
I -2009 * 23- 33-5- 192-43-71 
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The computing time for factoring an in-
teger whose l imits on the alteration and fac-
tors are £ m a x • ±2800, d m a x « 97 respect ive-
ly, is about o minutes. 
Problem #95. Thermodynamic and 
Dynamic Effects of Water Injection 
into Gas Streams of High Tempera-
ture and High Velocity 
This problem is connected with the de-
velopment of a potential gas turbine com-
ponent called the "Aerothermopressor." E s -
sentially, this device consists of a pipe (which 
may or may not be of constant c r o s s - s e c -
tional area)into which flow the exhaust gases 
from the gas turbine. These hot gases are 
expanded to high velocit ies at the aerothermo-
pressor inlet, where special nozzles inject 
water into this hot, but now high-velocity, 
gas stream. The complicated thermodynamic 
and dynamic effects of the water injection 
that occur during the passage of the stream 
through the aerothermopressor are brought 
about by the simultaneous action of (1) the 
evaporation of the liquid water, (2) the m o -
mentum interaction between the injected l i -
quid and the gas stream, (3)wall friction, and 
(4) changes in cross-sect ional area of the 
duct. In the optimum case , these effects 
will give rise to conditions in which the stag-
nation pressure at the outlet of the aero -
thermopressor is higher than that at the inlet. 
The net effect i s that the stream passing 
through the device has been cooled with an 
attendant rise in total pressure . If the p r e s -
sure ratio across the aerothermopressor is 
sufficiently large, the entrance pressure 
may be maintained at a pressure below at-
mospheric, thereby providing a larger ex -
pansion ratio for the turbine. The overall 
function of the aerothermopressor as a gas 
turbine component i s , then, to increase the 
efficiency of the plant by allowing the turbine 
to deliver more work due to the phenomena 
described above. 
It is the purpose of the development pro-
gram being carried out at MIT under Office 
of Naval Research sponsorship and under the 
guidance of Professor Ascher H. Shapiro, to 
study, both analytically and experimentally, 
all the facets that enter into the successful 
operation of the aerothermopressor. Bruce 
D. Gavril of the MIT Department of Mechani-
cal Engineering is in charge of this calcula-
tion program. 
The first program is a survey of the 
over-all performance of the aerothermopres-
sor under various operating conditions. This 
introductory analysis surveys the over-al l 
change in state for various amounts of fr ic-
tion, evaporation, and area change at vari-
ous entrance conditions without, however, 
considering the details of the evaporation 
processes . This analysis may be termed a 
"process analysis" and is analogous to per-
formance cyc les in the gas turbine field. 
Numerical solutions have been obtained 
for one selection of the initial values on a 
Friden calculating machine. These calcula-
tions have kept one person occupied for about 
two months; however, it is believed that with 
the experience obtained the same person could 
carry out the solution for a single set of ini-
tial values and a single set of independent 
parameters in about four hours, or 240 man-
minutes, allowing about three hours set-up 
time for each set of initial values. For the 
calculations desired, one man would require 
3(24) + 384 + 3(72) + 216 or about 888 hours. 
This is equivalent to 53, 280 man-minutes or 
23 working weeks. It is estimated that Whirl-
wind I can deliver the solution to this program 
in typewritten form in l e s s than two hours. 
Problem #114. Design of 
Optical Instruments 
The ultimate goal of this problem is to 
utilize the Whirlwind I computer to carry out 
a s completely as possible the mathematical 
design of optical sys tems to meet certain 
specifications. The problem will comprise 
two distinct phases. During the first phase, 
evaluation of the various trial sys tems as 
calculated on WWI will be made by an ex-
perienced designer of optical sys tems; during 
the second phase this evaluation will be done 
by the machine. The evaluation of the first 
phaseandthe mathematical formulation of the 
second phase are being carried out b y D r . F . 
Wachendorf of the Retina Foundation at the 
Massachusetts Eye and Ear Infirmary. 
The basic calculation consists of tracing 
rays through an optical system; the program 
for doing this is straightforward and essent i -
ally duplicates a well-known ray-tracing 
method using vectors . The design procedure 
using this program as a nucleus will be as 
follows. An experienced designer of optical 
systems will design an approximate system 
to meet certain specifications. The data of 
this system are then used by the computer 
a s a starting point. Certain rays are traced 
through the system, and their coordinates 
and direction upon passing through the last 
surface of the system are printed, along with 
other pertinent data . Then some of the param-
eters ( e . g . , l ens thickness, lens separation, 
e t c . ) are varied by the program, and the 
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p r o c e s s is repeated . The resul tant data will 
then be evaluated by the des igner . 
The second phase of the p rob lem will 
cons i s t of expanding the above p r o g r a m so 
that the evaluation will be c a r r i e d out as c o m -
pletely as possible by the machine . This 
more difficult problem will requi re extensive 
use of auxi l iary s torage to handle , among 
other th ings , the re la t ively la rge m a t r i c e s 
involved. Toward this end, very genera l and 
flexible subrout ines have been developed for 
using magnet ic tape, the only re la t ively fast 
auxi l ia ry s torage now avai lable . Cer ta in 
ma t r ix subrout ines have a lso been wr i t ten , 
although the main p rob lem of inver t ing a 
par t i t ional m a t r i x has not yet been s t a r t ed . 
It is expected that seve ra l months e x p e r i -
ence with the f i r s t phase of the problem will 
be n e c e s s a r y before the second phase can be 
a t tempted in its complete form. 
The optical i n s t rumen t s to be designed 
a r e quite special ized, but the p r o c e d u r e s to 
be developed should be of genera l applicabil i ty 
to o ther s imi la r optimization p rob l ems i n -
volving many p a r a m e t e r s . 
P r o b l e m #115. T rans i en t Aerodynamic 
Heating of a F la t P l a t e : Linear P a r t i a l 
Differential Equation 
This problem is concerned with t r ans i en t 
t e m p e r a t u r e var ia t ion in a f l a t plate subjected 
to an envi ronment at e levated t e m p e r a t u r e on 
one side and insulated on the o ther . It is r e -
lated to the m o r e general problem of t he rma l 
s t r e s s e s in a i r c ra f t s t r u c t u r e s due to t r a n -
sient ae rodynamic heating in very h igh-speed 
flight. The problem is a re la t ively new one 
in that a i r c ra f t a r e only now reaching speeds 
a t which this effect becomes impor tant . 
The governing differential equation in 
non-dimensional form i s : 
94 
and the boundary conditions a r e : 
(i) e - o | | • /©(P -0e) 
(2) £ = 1, 
BE 
(3) T i 0, 0-1 
- Te 
- Ti 
T--. at £ = f /3- k 
a n d 
T. 1 initial t e m p e r a t u r e of the plate 
T e =environrnent re ference t empe ra tu r e 
t = dimensional t ime 
s • thickness of the plate 
x = dis tance from the heated sur face 
k = conductivity of the plate 
h = the heat t r ans fe r coefficient at the 
surface of the plate 
Solutions a re a l r eady available for v a r i -
ous values of /?with constant T e . During this 
q u a r t e r , a p r o g r a m has been wri t ten to p r o -
vide information for the case where Te in-
c r e a s e s l inear ly f rom T: to a final constant 
value T e . This i s intended to account for 
the t ime requi red for the a i r c ra f t to a c c e l e r -
ate to high speed. 
The numer ica l solutions a r e obtained by 
solving the difference equation 




$a,T at the heated surface is obtained from 
boundary condition (1) and is given by 
0.5 
where 
^o.T "/3A£ + 1.5 ' *l,T ~ f3&£ + 1.5 
The computation p roceeds until the difference 
in the t empera tu re at the two faces r e a c h e s a 
max imum, a t which point the t empe ra tu r e 
dis t r ibut ion is r ecorded . 
Several solutions have been obtained dur-
ing the previous q u a r t e r using this p r o g r a m . 
More will be obtained during the next q u a r -
t e r . 
The problem is being p rog rammed by 
M e s s r s . Gabriel I saksonand Claude W . B r e n -
n e r of the MIT A e r o - E l a s t i c and S t ruc tu res 
R e s e a r c h L a b o r a t o r y . 
5. A C A D E M I C P R O G R A M IN A U T O M A T I C 
C O M P U T A T I O N AND N U M E R I C A L ANALYSIS 
The s e m i n a r s on Computing Machine Methods a r e a r ranged jointly by represen ta t ives of 
the MIT Commit tee on Machine Methods of Computation and the MIT Digital Computer Labora -
tory . Various speake r s from other MIT act iv i t ies and e l sewhere , as well as m e m b e r s of the 
two sponsoring g roups , par t ic ipate in these weekly s emina r s , which a re held in a l e c t u r e room 




Graphical and Numer ica l Methods of Super-
position 
Speaker 
P ro fes so r H. M. Paynte r , 
Dept. of Civil Eng inee r -
ing, MIT 
October 7 P r o g r a m m i n g a Digital Computer to Learn 
October 14 On the Stability of Smoothing Formulae with 
Applications to Linear Difference Equations 
October 21 New P r o c e d u r e s for Using Whirlwind I ( P r e -
l imina ry discussion) 
(An outline of the tentative plans for assigning 
computer t ime to var ious u s e r s , for admin i s -
ter ing the t ime ass igned, for providing n e c e s -
s a ry t raining to new u s e r s , and for keeping 
o l d u s e r s posted on new developments . Changes 
in computer logic and p rogramming procedures 
were very briefly summar ized , with emphasis 
on the purpose and expected effect of these 
changes . ) 
Mr. Tony Oet t inger , 
Ha rva rd Computation 
Laboratory 
Mr. D. G. Aronson 
P r o f e s s o r C. W. Adams, 





Computations for the Numerical ly Controlled 
Milling Machine 
Machine Solutions of the P r o b l e m s of Classical 
Phys ics 
The Role of the MIT Flight Simulator in the 
Field of Analogue Computation 
(A brief survey of the h is tory of analogue com-
putation and the computing facil i t ies nowavai l -
ab le . The computing facility at the Dynamic 
Analysis and Control Labora tory was descr ibed 
and indications presented of the role such a 
facili ty plays in the field of analogue computa-
tion.) 
Mr. John H. Runyon, 
MIT, Servomechanisms 
Labora tory 
P r o f e s s o r S. H. Cranda l l , 
MIT, Dept of Mechanical 
Engineering 
Dr. William W. Seifert , 
MIT, Dynamic Analysis 
and Control Labora to ry 
November 25 Some Contr ibutions of Analogue Computation 
to Control System Analysis 
(Some of the extensions to con t ro l - sys t em 
ana lys i s techniques made possible by the use 
of ana logue-computer equipment at the Dynamic 
Analys is and Control Labora to ry were de -
sc r ibed . Emphas i s on exper imenta l studies of 
nonl inear control sys t ems with random inputs. 
Dr. Richard S. Booton, J r , 
MIT, Dynamic Analys is 
and Control Labora to ry 
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Date Title 
The manner in which these computer studies 
have suggested and verif ied theore t ica l methods 
was d e s c r i b e d . ) 
December 2 Power System Economy as a P r o b l e m in the 
Calculus of Var ia t ions on Whirlwind I 
(The efficient convers ion of water r e s o u r c e s 
into e lec t r ica l energy ona l a rge scale i s under 
study at MIT, or iented towards compute r -
control of the industry . P r o g r e s s in the ma the -
mat ica l formulat ion of the problem and its s o -
lution on WWI was d i s cus sed . ) 
December 9 P r o g r a m s for Audio Output from WWI 
(The discuss ion included methods of p r o g r a m -
ming WWI to produce mus ic and speech . Ex-
per imenta l r ecord ings were played.) 
December 16 Application of the IBM C a r d - P r o g r a m m e d 
Elect ronic Calcula tor in the Field of Stat is t i -
cal Computation 
(A brief survey of the h i s to r ica l development 
of the var ious IBM ca lcu la tors - type 602, 
602A, 604, and the c a r d - p r o g r a m m e d ca lcu-
l a t o r s (CPC) models I and II. The available 
gene ra l -pu rpose control panels for the model 
II CPC were desc r ibed . The re la t ive advan-
tages of f ixed-decimal and f loat ing-decimal 
boards were i l lus t ra ted by pa r t i cu l a r examples . 
A descr ip t ion was given of the avai lable opera -
tional code and the manner in which a problem 
may be p r o g r a m m e d for CPC solut ion.) 
J anua ry 6 Some P r o b l e m s of Learn ing by Computers 
(The use of learn ing p r o c e s s e s in compute rs 
i s a con t rove r s i a l i s s u e . This i s in par t be -
cause d i rec t t r ans fe r of concepts f rom re la ted 
fields causes confusion and in part because the 
ba lance - shee t of potential m e r i t s and obs tac les 
st i l l r ema ins largely empty. Some in t roduc-
tory cons idera t ions , r a t h e r than an organized 
learn ing schema , were d i s c u s s e d . ) 
J anua ry 13 The Solution of Secular Equations in Molecular 
P r o b l e m s 
(A configuration interact ion t r ea tmen t of the 
oxygen molecule led to high o rde r secular 
equat ions . Numer ica l diagonal izat ions, i . e . , 
the computation of the e igenvectors and eigen-
values of a m a t r i x , was done by Whirlwind 
with high speed and grea t accuracy . The gen-
e r a l p r o g r a m of configuration in teract ion and 
the method of m a t r i x d iagona l iza t ionnecessa ry 
to the s u c c e s s of the p r o g r a m was p resen ted . ) 
Speaker 
P ro fe s so r R. J . Cypser , 
MIT, Dept. of E l ec t r i ca l 
Engineering 
Mr. R. P . Mayer , 
MIT, Digital Computer 
Labora to ry 
Dr. F rank M. Verzuh, 
MIT, Office of Stat is t ical 
Serv ices 
Mr. F r e d e r i c k A. Webs te r , 
MIT, Digital Computer 
Labora tory 
Dr. Alvin Meck le r , 
Solid State Group, MIT 
}S 
APPENDIX 
6. 1 REPORTS AND PUBLICATIONS 
P ro j ec t Whirlwind technical r e p o r t s and m e m o r a n d u m s a r e routinely dis t r ibuted to only a 
r e s t r i c t e d group who a r e known to have a pa r t i cu l a r in te res t in the Pro jec t . Other people who 
need information on specific phases of the work may obtain copies of individual r epor t s by 
making r eques t s to R o b e r t R. Rathbone, Digital Computer Labo ra to ry , 68 Albany Street , Cam-
br idge 39, M a s s a c h u s e t t s 
The following r e p o r t s and m e m o r a n d u m s w e r e among those i s sued during the fourth q u a r t e r 
of 1952. 
No. of 
No. Title Pages Date Author 
SR-31 Summary Repor t No. 31 , Third 
Qua r t e r 1952 
19 




E -484 Pol icy on Outisde U s e r s of WWI 8 
E-490 An Octa l -Dec imal Slide Rule 2 
E-494 Modification of the Dumont 304-H 7 
Osci l loscope to Reduce Drift 
Encounte red in WWI Display 
E-497 Ex te rna l Control Box for WWI Display 3 
Osc i l loscopes 
E-498 An E lec t ron ic Holding Circui t 3 
E-499 Operat ion of the Block Trans fe r O r d e r s 15 
E - 5 0 2 Computer P r o g r a m Synthesis Based 1 
on Sta t is t ica l Communicat ion Theory 
(Abs t rac t of R-210) 
E-506 Effects of Ions in the MIT E l e c t r o - 1 
s ta t i c S torage Tube (Abst rac t of 
M . S . Thes i s ) 
E -514 E lec t ron ic Selection and Control of 2 
R e a d - R e c o r d Heads of Magnet ic-Tape 
Units (Abs t rac t of R-219) 
E-516 Comprehens ive System of Service 26 
Routines 
9-29-52 C. W. Adams 
10-14-52 R. Mayer 
10-29-52 D. J. Neville 
11-5-52 D . J . Neville 
11-12-52 J. A. O'Brien 
11-13-52 B. E . M o r r i s s 
11-20-52 A. Katz 
11-24-52 H. Jacobowitz 
12-15-52 J . A . O'Brien 
12-17-52 H. Uchiyamada 
M-1768 Rudiments of Good Circui t Design 12-22-52 N. Taylor 
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6. 2 PROFESSIONAL SOCIETY PAPERS 
Two members of the Project Staff deliv-
ered papers before the National Academy of 
Sciences - National Research Council Con-
ference on Electrical Insulation held in Lenox, 
Massachusetts, in September. D. A. Buck 
spoke on "Magnetic and Dielectric Amplifi-
ers , "while W.N. Papian's subject was"Fer-
romagnetic and Ferroelectric Memory De-
vices. " Portions of these papers were printed 
in an article called "Research Progress in 
Dielectrics - 1952" in the December issue of 
Electrical Manufacturing. 
At the AIEE-IRE-ACM Computer Con-
ference held in New York December 10, N. H. 
Taylor delivered the Keynote Address. 
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